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cal characters, such as reduction in green leaf area index and decline in functional chloroplasts with resulting reduced photosynthetic rate, have been associated with crop yield loss (1, 5) .
When estimating yield loss by a specific disease, it is appropriate to integrate physiological information into crop-loss studies (4, 5, 32) . Biemelt and Sonnewald (9) reviewed plant-microbe interactions to probe regulation of plant carbon metabolism from the source-sink relation of plants. Sugarcane yield loss caused by orange rust has been assessed in Australia (10, 25) and the United States (33) . However, physiological mechanisms of the rust effect on sugarcane yield remain unclear. The quantitative determination of effects of a specific disease on the physiology of individual leaves is the first step toward a broader understanding of crop yield losses (5) .
Studies on other crops, including bean (Phaseolus vulgaris), wheat (Triticum aestivum), grape (Vitis vinifera), and rice (Oryza sativa), have shown that fungal infections can reduce crop productivity by reducing the photosynthetic efficiency of the remaining green leaf area (3, 6, 27, 35) . However, photosynthesis in rustinfected leek (Allium porrum) leaves did not differ from the uninfected controls in the region between pustules, although significant reduction in photosynthesis was detected in pustule regions (36) . Early research (23) found that inhibition of photosynthesis in infected tissue can be compensated partially by stimulation in organs at a distance from the infected leaf. In a legume crop, following rust inoculation of the lower leaves of broad bean (Vicia faba) plants, photosynthetic rate was substantially reduced in the lower, rusted leaves, but net photosynthesis was significantly increased in the upper, uninfected leaves of the inoculated plants compared with the noninoculated controls (28) .
Effects of rust diseases on leaf photosynthesis vary with the types of pathogens, disease severity, and host plant species and/or crop genotypes. Because sugarcane orange rust is a relatively new disease in the Western Hemisphere, there is no report for responses of sugarcane leaf carbon exchange and photosynthetic radiation use and carbon use efficiencies to orange rust. It was hypothesized that orange rust causes reduction in leaf photosynthesis of sugarcane not only for rusted areas of leaves, but also for remaining green portions of infected leaves and for the upper canopy of noninfected leaves. An outdoor pot experiment was conducted to test this hypothesis. The specific objectives of the study were to identify physiological mechanisms involved in the orange rust-induced reduction in sugarcane growth and yield by quantifying effects of the disease on leaf chlorophyll level (SPAD index), photosynthesis, and related characteristics and to determine relationships between these leaf photosynthetic components and disease ratings.
Materials and Methods
Plant culture and treatment. A pot study was conducted at the USDA-ARS Sugarcane Field Station (26.91° N, 80.61° W), Canal Point, FL, in 2009. Noninoculated (control) and P. kuehnii-inoculated plants were compared using four sugarcane genotypes. The genotypes, 'CP 72-2086' (26) , 'CP 88-1762' (43), 'CP 89-2143' (19) , and 'CPCL 99-4455' (15) , are commercial cultivars in Florida and vary in susceptibility to orange rust. Single-bud stalk sections of each genotype were planted in 4.6-liter pots (18 cm in both diameter and height) filled with a potting soil mixed with new peat and pine bark fines (vol/vol = 9:1) and 5% (wt) fine sand (Florida Potting Soils, Orlando, FL) on 24 July 2009. To ensure consistent conditions of soil, water, and nutrients for inoculated and noninoculated (control) plants, two stalk sections of the same genotype were planted in each pot. There were two plants per pot (one inoculated and one not inoculated). Pots were arranged on outdoor benches under ambient conditions. A combination fertilizer (N-P 2 O 5 -K 2 O = 10-10-10; Frick Services Inc., Sugar Grove, IL) of 4 g pot -1 was applied 30 days after planting. During the experiment, all pots were watered daily.
Orange rust urediniospores produced in pustules on the abaxial side of symptomatic leaves were collected from different sugarcane cultivars in several production fields and mixed together in equal amounts the day before inoculation according to Sood et al. (40) . Sterile distilled water with 0.002% (vol/vol) 1-nonanol was added to rust urediniospores so the urediniospore concentration in the solution was approximately 100,000 urediniospores ml -1 . When sugarcane plants had five leaves on the primary shoot (35 days after planting), inoculations were performed by placing 0.5 ml of the spore suspension in the leaf whorl of each inoculated plant in late afternoon using a pipette. Mean temperature was 27°C and relative humidity was 89% on the inoculation date (29 August 2009) at the experimental location. The control plants at the same time received the same amount of distilled water with 1-nonanol but without rust urediniospores. After 4 weeks of weekly rust disease evaluations and measurements of leaf photosynthesis characteristics, old leaves, including the infected leaf, below the uppermost fully expanded leaf (i.e., the top visible dewlap [TVD] leaf) were trimmed from all plants to provide suitable plants for a second disease inoculation and for further determination of leaf photosynthesis light-and CO 2 -response curves. The second inoculation was applied 1 day after trimming. Photosynthesis responses to light intensity and CO 2 concentration were assessed approximately 4 weeks after the second inoculation.
Measurements. After leaf emergence, rust symptoms on susceptible plants appeared as bands of pustules on portions of leaves that were inoculated with urediniospores in the whorl (Fig. 1) . Disease assessment started 1 week after each inoculation and continued approximately weekly for 4 weeks. Disease reaction was rated on a modified scale from 0 to 4 with intervals of 0.5 according to Sood et al. (40) . In general, inoculated plants were considered resistant with rust rating 0 to 1, moderately resistant with rating 2, and susceptible with rating of at least 3 ( Fig. 1) .
On the same dates as disease assessments after the first inoculation, leaf SPAD index (an indication of leaf chlorophyll content) and the leaf photosynthetic components, net photosynthetic rate (Pn), stomatal conductance (g s ), leaf transpiration rate (Tr), intercellular CO 2 concentration (Ci), as well as leaf temperature and leaf-to-air water vapor pressure deficit (VPD), were measured between 0930 and 1400 h (EDST) from TVD leaves (i.e., noninoculated and uppermost fully expanded leaf) to determine if rust inoculation affected photosynthetic properties of noninfected leaves on inoculated plants. Leaf SPAD index was measured with a Minolta 02 SPAD meter (Minolta Co., LTD., Japan). A LI-6400XT portable photosynthesis system (LI-COR Inc., Lincoln, NE) was used to measure leaf photosynthetic components according to Zhao et al. (46) . When measuring leaf photosynthesis, the photosynthetically active radiation (PAR) in the leaf chamber, provided by the 6400-02 LED light source, was set to 1,500 µmol m -2 s -1 , relative humidity was adjusted to near ambient level (approximately 70%), and leaf chamber CO 2 concentration was set to 380 µl liter -1 . At the last disease assessment, 4 weeks after the first inoculation, rust symptoms appeared as bands of pustule on inoculated leaves of susceptible plants, but there were no visible disease symptoms at the lower and upper portions of the pustule band for all inoculated leaves (Fig. 1) . SPAD index and photosynthesis components were measured at the upper, lower, and pustule band (infected) portions of inoculated leaves to identify differences among the rust ratings within and among the three portions of the same leaves ( Fig. 1) .
Approximately 4 weeks after the second inoculation, photosynthesis light-and CO 2 -response curves were measured at the inoculated portions of leaves with disease ratings of 0, 3, and 4 using the "Auto Programs" of LI-6400XT portable photosynthesis system. Because measurements of light-and CO 2 -response curves were time-consuming, we were unable to measure them in all treatment plants. Three typical replicate plants for each rust rating were selected from CP 72-2086 and CP 88-1762 to determine relationships between leaf Pn and PAR or CO 2 concentration as affected by rust infection. These two genotypes were used because they had comparable leaf Pn based on earlier measurements (Table 1) and enough typically infected leaves for measurements of photosynthesis light-and CO 2 -response curves. These measurements were on infected portions of inoculated leaves ( Fig. 1 ) from 1000 to 1400 h on five successive days.
When measuring leaf photosynthesis light-response curves, air temperature inside the leaf chamber was set to 32°C, relative humidity was set to approximately 70%, and CO 2 concentration was set to 380 µl liter -1 based on ambient conditions during measurements at the location. The PAR was gradually decreased from 1,800 to 0 µmol m -2 s -1 in nine steps (1,800, 1,500, 1,000, 500, 200, 100, 50, 20, and 0 µmol m -2 s -1 ). Stomatal conductance, Ci, Tr, leaf temperature, and VPD were recorded while measuring photosynthesis light-response curves. Values of leaf dark respiration (Rd) rate, light compensation point (LCP), and the maximum quantum yield of CO 2 assimilation (MQY) were obtained by the initial linear regression of the last four levels of light intensities (PAR: 0, 20, 50, and 100 µmol m -2 s -1 ) and the respective gas exchange rates (42, 47) . Based on linear regression, the absolute value of gas exchange rate, when PAR = 0, was defined as leaf Rd rate; the value of PAR, when gas exchange rate = 0, was defined as LCP (47) ; and the slope of the regression line was defined as MQY (42) .
When measuring leaf photosynthesis CO 2 -response curves, air temperature inside the leaf chamber was set to 32°C, relative humidity to approximately 70%, and PAR to 1,500 µmol m -2 s -1 . The CO 2 concentration in the leaf chamber was changed in eight steps (400, 600, 300, 200, 100, 50, 40, and 400 µl liter -1 ), and leaf Pn was determined at each step by slowly adjusting CO 2 concentration. The slope of the straight line of the photosynthesis CO 2 -response linear face was defined as carbon fixation efficiency (CFE) of leaf photosynthesis. Values of CFE were obtained by linear regression of the first four CO 2 concentrations from the lowest CO 2 level (i.e., 40, 50, 100, and 200 µl liter -1 ) and the respective leaf gas exchange rates.
Following all physiological measurements, DNA was extracted from the rust-infected lesions on CP 72-2086 and CP 88-1762 according to Glynn et al. (20) to ensure the disease was caused by P. kuehnii. Extracts were tested for presence of the orange rust pathogen and the sugarcane brown rust pathogen P. melanocephala using real-time PCR assays for each pathogen (20) . The PCR test produced positive P. kuehnii signals and negative P. melanocephala signals for all samples confirming that P. kuehnii was the only rust pathogen present.
Experimental design and data analysis. The experimental design was a randomized complete block with a split-plot arrangement of pots with 12 replications (pots) for each genotype. Plant genotype was the main plot and the rust inoculation treatment the subplot. To test plant genotype differences in response to orange rust inoculation and to compare leaf photosynthetic components between inoculated and noninoculated treatments, significance of each fixed effect was analyzed using the MIXED procedure of SAS (38) . Replication was considered as a random effect and genotype and inoculation were considered as fixed effects. Measurement dates for Pn of TVD leaves were considered repeated. If the hypothesis of equal means for a measured variable between treatments was rejected by the F test, then data means were separated with the LSD at P = 0.05. The LSD values were calculated with the SE values generated by the Diff option in the MIXED procedure.
Linear regression was used to determine relationships between rust rating and leaf SPAD index or each leaf photosynthesis component (Pn, g s , Tr, and Ci), measured at the lower, upper, and infected portions of inoculated leaves 4 weeks after the first inoculation as well as leaf Rd rate, LCP, MQY, and CFE from photosynthesis light-and CO 2 -response curves described above. When SPAD index and photosynthesis were measured on inoculated leaves 4 weeks after inoculation, there were no statistical differences in these variables between genotypes. Therefore, data were pooled over plant genotypes and averaged by the disease ratings to determine the relationships between rust rating and leaf photosynthetic parameters. The photosynthetic light-response curves were fitted using a least-square solution to a nonrectangular hyperbola according to Ŏgren and Even (29) . Best-fit nonlinear or quadratic regressions were employed to determine relationships between other physiological variables (g s , Ci, and Tr) and PAR and between leaf CO 2 exchange rates and CO 2 concentration using SAS (38) .
Results

Photosynthesis of top visible dewlap leaves.
Net photosynthetic rates (Pn) of TVD leaves from the noninoculated control and inoculated plants were measured 7, 14, and 18 days after inoculation (Table 1) . Overall, genotype significantly affected leaf Pn (P < (Table 1) . SPAD index and photosynthesis of rust infected leaves. The SPAD index measured on the infected area of the inoculated leaves linearly and significantly decreased as disease rating increased (r 2 = 0.785 and P < 0.001). Leaf SPAD index decreased by 4.4 for each unit increase in the rust rating (Fig. 2) . The infected leaf portion with rust rating 4 had a 44% less SPAD index value compared with the control. When measurements were taken on lower and upper portions (see Fig. 1 ) of infected leaves, SPAD indexes declined slightly with increasing rust ratings, but were not significantly correlated for the lower (r 2 = 0.236 and P = 0.158) or upper (r 2 = 0.371 and P = 0.082) leaf portions (Fig. 2) . Leaf Pn was not correlated with rust rating when measurements were taken either on the lower or upper portions of infected leaves (Fig. 3A) . However, Pn on the rust-infected portion declined linearly with a slope of -2.82 as rust rating increased (P < 0.001). Leaf Pn decreased from 25.0 to 13.7 µmol m -2 s -1 (decreased by 45%) when disease rating increased from 0 to 4 (Fig. 3A) . When rust rating reached 2, Pn had declined by 23% (P < 0.05) compared with the control (rating = 0).
The relationship between g s and rust rating also depended on the portion of the leaf where the measurements were taken. When measurements were taken at the upper or directly infected portions, g s declined linearly as rust rating increased (r 2 = 0.502 and P < 0.05 for the upper portion and r 2 = 0.714 and P < 0.01 for the infected portion). On the lower portion of the infected leaf, the relationship was not significant (Fig. 3B) . Leaf Tr was more sensitive to rust Fig. 3 . Responses of A, leaf net photosynthetic rate (Pn), B, stomatal conductance (g s ), C, transpiration rate (Tr), and D, intercellular CO 2 concentration (Ci) to orange rust severity (indicated by disease rating). Measurements were taken at the infected, lower, and upper portions of inoculated leaves 4 weeks after inoculation. Data are pooled over genotypes and presented as means ± SE by the rust rating. compared to g s and decreased significantly on all three leaf portions as the rust rating increased (Fig. 3C) . Compared with the control, the rust-infected portion of inoculated leaves with a rust rating of 4 had 26% lower g s and 30% less Tr. In contrast, Ci increased linearly with increased rust rating, and this relationship was only detected on diseased portions of inoculated leaves (Fig. 3D) . Rust rating had little effect on leaf temperature and VPD (data not shown).
Photosynthesis response to PAR. Leaf Pn responses to light intensity exhibited quadratic increases with increase in PAR and were well fitted using a nonrectangular hyperbola for all treatments (Fig. 4A ). As PAR increased from 100 to 1,000 µmol m -2 s -1 , leaf Pn increased rapidly and then increased slowly as PAR increased. Leaf Pn did not appear to reach a maximum value even at PAR = 1,800 µmol m -2 s -1 (Fig. 4A) . Rust infection ratings of 3 and 4 significantly reduced leaf Pn, and the magnitude of Pn reduction was associated with the disease rating and light intensity (Fig. 4A) . At the same rust rating, effect of rust on leaf Pn was greater at low PAR than at high PAR. When PAR was between 100 and 500 µmol m -2 s -1 , leaves with rust infected ratings 3 and 4 had 45 and 92% lower Pn (P < 0.001-0.0001), respectively, compared with the controls. At PAR of 1,800 µmol m -2 s -1 , Pn of the infected leaves with ratings 3 and 4 were 33 and 56%, respectively, lower than that of the noninfected leaves (P < 0.01-0.001) (Fig. 4A) .
Responses of g s (Fig. 4B ) and leaf Tr (Fig. 4C) to light intensity were similar to those of leaf Pn (Fig. 4A ). However, disease had less effect on g s and Tr than on leaf Pn. Leaves with rust ratings of 3 did not differ from the control in either g s or Tr when PAR was lower than 500 µmol m -2 s -1 . At PAR of 1,800 µmol m -2 s -1 , g s and Tr of the leaves with rust rating 3 did not differ significantly from those of the noninfected leaves, but g s and leaf Tr at a rust rating of 4 were 44 and 43% (P < 0.001), respectively, lower than those of the control leaves. Intercellular CO 2 concentration declined sharply as PAR increased and reached the lowest level when PAR was approximately 1,000 µmol m -2 s -1 for both rust-infected and noninfected leaves (Fig. 4D ). There were no differences between disease ratings 3 and 4 in Ci at most levels of PAR, but their Ci were significantly higher than those of control leaves at all PAR levels (P < 0.001). The rust-infected leaves with disease ratings 3 and 4 had 28 to 34% and 37 to 46% higher Ci, respectively, than the noninfected control leaves when PAR was between 500 and 1,800 µmol m -2 s -1 (Fig. 4D) . During measuring leaf Pn response to PAR, neither leaf temperature nor VPD differed between treatments (data not shown). When PAR decreased from 1,800 to 0 µmol m -2 s -1 , leaf temperature slightly increased from 31.5 to 32.0°C and VPD from 2.19 to 2.34 kPa, averaged across treatments.
Photosynthesis response to CO 2 . Sugarcane leaf Pn rapidly increased as CO 2 concentration increased, and their relationship was best described by quadratic regression (Fig. 5) . Similar to the lightresponse curves of Pn, the rust disease significantly reduced leaf Pn at all CO 2 concentrations. When CO 2 concentration in the leaf chamber increased from 40 to 600 µl liter -1 , Pn of noninfected control leaves increased from 4.2 to 48.0 µmol m -2 s -1 , but only increased from 1.8 to 26.5 µmol m -2 s -1 for leaves with a rust rating of 3 and from 0.5 to 17.3 µmol m -2 s -1 for leaves with a rust rating of 4 (Fig. 5) . Averaged across CO 2 concentrations, the leaves with rust ratings of 3 and 4 had 51 and 72% lower leaf Pn, respectively, when compared to noninfected control leaves.
Dark respiration, LCP, MQY, and CFE. Orange rust significantly increased leaf Rd rate but decreased photosynthetic MQY and CFE (Table 2) . Leaves with rust ratings of 3 and 4 had 13 and 52% higher Rd rates, respectively, than control leaves. Photosynthesis light compensation point (LCP) of leaves with rust rating 3 did not differ significantly from the control leaves. When the rust rating reached 4, LCP of the disease-infected leaves increased to 119% (P < 0.01) of control leaves. Leaf photosynthetic MQY and CFE significantly decreased as the rust rating increased. The effect of orange rust on CFE was greater than the effect on MQY. Compared with control leaves, MQY and CFE decreased by 19 and 51%, respectively, for the disease infected leaves with a rust rating of 3, and by 29 and 70%, respectively, for the infected leaves with a rust rating of 4.
Discussion
For the first time it was demonstrated that leaf photosynthetic components responded to orange rust infection in sugarcane. Results of this study indicated that Pn, g s , and Tr measured on the rust-infected portion of inoculated leaves declined linearly, but Ci increased as the rust rating increased. The decrease in leaf Pn caused by orange rust on sugarcane agrees with previous work on rust-infected barley (Hordeum vulgare) (1), leek (36) , wheat (7, 41) , rice (6), bean (24) , and soybean (Glycine max) (22) . Although relationships of rust ratings with leaf SPAD index, Pn, g s , Tr, and Ci measured on infected leaf portions could be described using linear models, the sensitivity differed substantially among these physiological variables, and SPAD index and Pn were the physiological variables most sensitive to orange rust. The results of increased Ci due to orange rust suggested that low Pn for the rustinfected portion may be associated with nonstomatal factors, such as less chlorophyll content (44, 48) and photosynthesis enzyme activities (36, 44) . It is well known that leaf photosynthesis is sensitive to VPD (12) or water stress (16, 45) and nonuniform stomatal closure induced by water stress can cause nonstomatal inhibition of photosynthesis (12, 16) . Water stress was not a factor in the present study because all plants were well watered prior to measurements and VPD and leaf temperature were similar between treatments and did not change substantially during the experiment.
Photosynthetic rates measured on disease-free leaves of rustinfected plants, or on green regions of rust-infected leaves vary substantially in other crops. Fungal infection reduced the photosynthetic efficiency of the remaining green leaves in rice (6), bean (3), grape (27) , and wheat (7, 35) , but Pn measured on green tissue of infected leaves in leek did not differ from noninfected controls (36) . In contrast, gross photosynthesis of barley leaves infected by the rust Puccinia hordei increased within areas of the leaf invaded by the fungus compared with control tissue (39) . Net photosynthetic rate of green leaves in the upper canopy of infected broad bean plants was also significantly higher than that of the noninoculated control (28) . The different responses of leaf Pn to rust infection in those studies were probably associated with rust pathogens, host plant species, disease severity, plant age, and/or experimental conditions. In the present study, Pn of green tissue on TVD leaves in inoculated plants did not differ from noninoculated control plants for the sugarcane genotypes tested, indicating there was not a systemic effect of a small portion of orange rust infection on Pn of noninfected leaves for inoculated plants (Table 1) . Also, when Pn was measured on lower or upper portions of infected leaves, where disease symptoms were not observed, Pn did not correlate with rust rating (see Fig. 3 ). A lack of relationship between rust rating and Pn of lower/upper portions of infected sugarcane leaves is consistent with a report for leek (36) . Our results did not support the hypothesis that orange rust infection would reduce Pn in green portions of infected leaves. One possible reason for this is that only small portions of leaves become infected following whorl inoculation.
Leaf photosynthesis is closely related to PAR until Pn reaches its maximum rate. The PAR changes frequently from day to day during the growing season and from time to time within each day. This is the first report on the effect of a rust disease on photosynthesis of C4 plants at different light intensities. To determine if orange rust affected sugarcane leaf Pn consistently at a wide range of PAR values, Pn responses to PAR for the control and infected leaves with orange rust ratings of 3 and 4 were measured. The Pn of rusted leaves decreased more under low PAR (45% for rust rating 3 and 92% for rust rating 4) than under high PAR (33 and 57%, respectively) compared with the noninfected control. This finding does not support reports in C3 plants of rice (6) or soybean (22) . Leaf Pn of rice was more affected by leaf blast at saturated light than at low light (6) . The reduction in leaf Pn of soybean due to soybean rust (Phakopsora pachyrhizi) infection was similar across a wide range of PAR values (22) .
Data of Pn-light response curves further confirmed that orange rust had less effect on g s and Tr than on leaf Pn at most levels of PAR (Fig. 4) and that nonstomatal factors, such as chlorophyll content and/or relevant enzyme activities (36, 44, 48) , may contrib- Table 2 . Sugarcane leaf dark respiration rate, light compensation point, maximum quantum yield of CO 2 assimilation, and carbon fixation efficiency as affected by orange rust rating z ute to reductions in Pn for rust-infected portions of sugarcane leaves. Stomatal conductance has previously been used as an indicator of plant water stress (18, 21, 45) . The results of the g s response to PAR indicate that g s is sensitive to light intensity even under a well-watered condition. When measuring g s for genotype screening or treatment comparison, weather conditions, especially light intensity, must be considered. The increased sugarcane leaf Rd due to orange rust agrees with reports in other crops (6, 7, 24, 36, 39) . Dark respiration rate of rice leaves increased with increasing disease severity of leaf blast (6) , and Rd rate within brown rust pustules on barley leaves was four times greater than values from control plants (39) . Rusted leek leaf Rd rate in pustule regions had increased by six times compared with the Rd of the control leaves 21 days after inoculation (36) . Although the increased Rd rates of rust-infected portions of sugarcane leaves in the present study were not as great as those reported in barley (39) and leek (36), significant differences were detected in Rd rates between the noninfected control and infected portions of leaves. The rate of Rd contributes significantly to total CO 2 exchange in illuminated leaves (24) . Increased Rd was partially responsible for reduced Pn observed in sugarcane leaves infected with the orange rust, because Pn was a product of leaf gross photosynthesis (CO 2 influx) and dark respiration (CO 2 efflux). Increased Rd of sugarcane orange rust infected leaves may be mainly associated with energy demands for host plant self defense or injury response to the disease and for urediniospore production during the sporulation phase. Fungal respiration might also have contributed to the increased Rd rate of rusted leaves, but we were unable to separate it from leaf Rd using a LI-COR 6400 photosynthesis system in this study. Additionally, orange rust significantly decreased MQY of CO 2 assimilation and CFE of infected portions (Table 2) , resulting in lower Pn under the same environmental conditions compared with the rust-free plants. Reductions in green leaf area and leaf Pn associated with orange rust resulted in sugarcane yield loss (10, 25, 33) .
Identification and quantitative determination of effects of a specific disease on the physiology of individual leaves are essential first steps for a broader understanding of disease damage and crop yield loss (5) . This study revealed the physiological processes that lead to sugarcane yield loss in orange rust infected plants by measuring components of leaf photosynthesis. The results improve the understanding of orange rust disease etiology and physiological bases of sugarcane yield loss caused by orange rust. The quantitative relationships between orange rust ratings and photosynthesis components could be used for modeling the impact of rust on leaf photosynthesis (8) and plant growth in sugarcane.
